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THE  ESTIMATION  OF  I'HENOL  IN  CRUDE  CARBOI.R- 
ACID  AND  IN  COAL-TAR  OILS 

M.-.iniil    'I'liti  inliir  ••     I'MT 

I'ntil  i,!i:'c  r(M,iitl\  nn  ,„it  i:  I'.u  tory  I'.H'tliu.i  was  to 
de  foiiiul  in  ilu-  litiraiiirt-  lor  tho  istim.-ition  of  plieiir)! 
ill  lar  oil:;  or  in  rrmlf  i  .irliohr  .ui.I.  In  a  rc.i-nt  I'.'ifKT, 
Massi'  ami  l.iron\'  ^i\c  a  iiutlioi]  hasfd  o-i  prulim- 
iaary  frai  tionatioii  ot  ihr  nnnk'  larLoHi-  am!  .iinl  sub- 
Re(|iicnl  cstiniation  ot  thr  pl:(_'nol  from  (Irtt-nninations 
of  the  solidifyii!-  point.  Till-;  tintlioil  ^iilTiT.s  fruni  the 
(hsadv  aiita.t^c  iliai  I  lie  .  rcsois  and  m  Ikt  hiijluT  iioiling 
hodits  may  vary  in  the  fra.tion  .ontaininj^  the  jihfnol, 
v.tiilc  tlu-y  assuim-  a  lonstant  and  arliitrarv  ri'.io  of 
tl;r   crcsoh;    to    Im'   ;ircscnl. 

Mort  rci'(.-nil\-  Wri;,  and  Ilown--'  liaM'  p'a';'',;-aed  ;i 
nu'tliod  m  wliiih  the  ,  riidr  rarbolji^  .uid  is  fr:i>  f!.inaff(l 
in  sm  h  a  w.iv  as  to  ol.t^iiu  ;liu  wtiolc  of  tlip  phviiol  in 
a  frartion  sn]iposcd  to  rontam  only  phenol  ;ri,l  the 
ircsols.  and  in  this  frai.lioil  thr  phenol  is  ti'.eil  e:.|i 
iiialed  li\-  simultaneous  determination  of  th.o  speeifh: 
pravily  and  the  solidifying'  point,  w  lienee  by  rd'erenee 
lo  jiraplis  the  amount  of  phenol  present  is  de  iueed. 
'1  hese  j^raph.s  also  are  dr.iv.n  up  \vii}i  fixed  :-,,::os  of 
iiieta-  and  [lara-eresol. 

In  1000  the  autlior  worked  oiir  a  method  f-.r  llie 
tstinia'ion  ..f  phenol  in  . na!  Mr  whieh  depe"  ie  1  on 
(juite  oilier  properties  of  \\\v  ronstituents  •.or  '.heir 
estimation,  ami  vvliieh  .L;ave  a  fair  indi<-atio:;  of  tlie 
amount  of  the  eri'sols  also  present.  The  metlii.i.i  .ijavo 
satisfaelory  results  and  was  used  in  liie  auti'air'-  kih- 
oratory  for  -,onu'  years.  I>ui  was  not  at  tiia'.  time 
puhhshed.  It  is  thou-hl  that  the  method  of  attack 
may  not  l.e  without  interest  at  the  present  ti:iU'.  am] 
tlie  author  desires  to  thank  the  Directors  of  Messrs. 
Hardman  and  Iloliien,  Ltd.,  of  Manchester.  H:-,.,;!and. 
for  permission   to  juihlish  the  results. 

In  a  paper  on  the  de-termination  of  pheno'.-  ir.  j,;as 
liipior,^  the  author  deternuned  the  "U.xy.;.':-,  .\t)- 
sorption"  due  to  the  various  constituents  of  tlie  e:>lnent 
from  a  sulfatt'  of  ammonia  works  and  ineiden:  .d.ly  of 
the   phenol   and   cresols,   resjiectnely,   in   that    .■."•'. uent. 

'  Cc:mpl  ren,L.  168  (l'.'lf)l.  ,'f)l, 
•  This  .Iocknai.,  9  1 1 'J  171,  56'). 
»  J.  >'oV.  Chtm    !nd  .  January,   l")!*. 
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soriiiiiMi  iiUKht  furnish  a  tiic.ms  to  i-;tiiiiati'  tho  .itiiount 
(it    |)Iuim1  ill  a   iiii\turf  tit   iihriinln'  lioilit-s. 
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I'urt'.'iiis  (5oc'('.)  i)i  till' |iiTtnaii^auitL' were  ineasurcil 
.iito  -Til]. iiereilliuttlcs  anil  i,  cc.  of  ihe  ililute  sulfuric 
aiMil  a'i'it .':  tueai  h.  These  bottles  were  placed  in  a  rack- 
in  a  till,  most  at  whii  li  was  maintaineil  at  2  ^°  C  The 
KiiiitM!-.^  of  the  tar  acid.s  were  also  hrout^iit  to  the  leni- 
I'eraturr  .if  the  1  herniostat  :  io  cc.  of  the  tar  acid 
solutior.  were  then  run  into  the  pertnani^anate  solu- 
tion fr  ••■.:  a  pijiette  also  wanned  to  j^*  C  .  and  the 
time  'V'',',!  when  the  first  droj)  entered  the  ]icrnian- 
eanatc.  When  the  whole  had  lieen  ailded.  the  bottle 
'■'.as  I  'ii^kly  shaken  to  insure  uniforniilv.  At  the 
etid  of  ;  min.  the  action  was  stopped  by  i|uickly  add- 
itiK  1  C'  ,  i>\  tlic  iJiitassiuin  iodide  solution.  The  lib- 
erateii  >"iiric  was  then  titrated  with  tin'  thitjsulfate 
.>pluti"!'.  Sutlicient  e.xcess  of  iierinan^anatc  was  used 
so  til, it  ;o  to  40  per  cent  of  the  permanganate  re- 
iiiainc  i  r.  the  emi.  The  results  were  then  calculated 
to  pr.iir.-  iif  oxygen  absorbed  by  1  i;.  of  the  respective 
tar  ac:.:.  The  toncordance  of  the  results  is  shown 
m  the  ise  of  the  phenol  tile  other;-  being  e((ually 
S.'0(jd 
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r  to  see  if  any  considerable  difference  would 
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\k-  foutui  in  the  rate  c>f  o.\idation  of  phenol  if  cresols 
were  siraultancou.sly  under.i;oing  oxitlation  known 
niixlurcs  were  made  up  containing  varying;  propor- 
tions ■ 'f  idieilol  to  cresols.  the  cresol  taken  being  a 
n.ixture  'if  ecpial  propiortions  of  orlho,   victj  and  para. 

Thcfi    .ippcars  to  be  slightly  increased  o.\i<.iation  in 
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most  of  the  rasos,  but   this  is  nut  sutli.ient   to  c.iuse 
serious  error  m  tl.c  use  of  the  oxvkiti  absorptions. 

I  he  rate  is  naturally  <lei)Pn<I.>nt  on  the  temperature 
and  it  IS  necessary  to  work  in  a  thermostat.  Attempts 
were  made  to  work  with  solutions  ten  times  as  concen- 
trated  as  the  solutions  (luoled,  but  the  results  were 
much  less  steady  owin^  no  doubt  partly  to  the  con- 
siderable temperature  disturbance  due  to  the  increased 
heat  of  reaction 

The  phenol  can  thus  be  estimated  w.tii  reasonable 
accuracy  provided  that  the  ratio  <.f  the  cresols  to  one 
another  be  known  The  difference  in  tlie  rate  of  oxida- 
tion of  the  three  cresols  from  one  another,  while  much 
less  than  the  difference  between  the  rate  of  oxidation 
of  any  one  ciesol  and  the  rate  of  oxi.lation  of  phenol. 
IS  still  much  too  great  to  allow  of  estimation  m  this 
way  unless  the  ratio  of  the  cresols  present  is  known. 
It  IS  thus  necessary  to  >;et  some  idea  as  to  tlie  ratio 
of  cresols  present  in  order  to  proceed. 

IK  UriONATION     tXPh  kIMK.M.s 

It  is  obvious  that  in  dealing  with  a  mixture  of  phenol 
cresols  and  iugher  boiling  phenolic  bodies,  which  are' 
present  in  a  crude  carbolic  acid,  preliminarv  frac- 
tionation would  have  to  precede  anv  attempt  at  titra- 
tion, and  experiments  were  carried  out  in  this  direc- 
tion on  crude  carbolic  acid,  which  was  the  average 
from  a  very  large  amount  of  tar  from  widelv  differing 
sources.  Th..  crude  carbolic  acid  was  fractionated 
through  still  heads  of  various  types  and  the  progress 
of  the  fractionation  observed  bv  taking;  tiie  oxygen 
absorption  of  the  fractions. 

OXYGEN     .AB.soRPTIO.N-    O}     IIIGHKR     BuILINo     BuDIES 

A  large  sample  of  higher  boiling  bodies  wa^  obtained 
which  had  had  most  of  the  phenol  and  cre.sols  ren,oved 
in  a  works  column  still.  This  was  freed  from  H-S 
and  was  fractionated  several  times  m  the  laboratory 
to  remove  any  phenol  and  cresols  which  might  stiil 
remain.  Fractions  were  then  collected  and  their  oxy- 
gen absorption  measured  with  the  res-d^c  „;ven  in 
Table  III  "   "     '^ 

Tabls  III 
Fraction..  roSto^lO'C.    JIOto215'C      :;'to^-0°C 

Oxygen  Absorption     ..  C.942  0  879 
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'1  he   «■•.■..!:    .ihsiirt'tiuti   rlfircasvs  (itf.idily   with   tn» 
cn.iMnj;  I'liim  .ifui  will  iln:<  throw  IiL-ht  .mi  the 

liriijin---  ■  ■   •    ••  !r.iiiiiin.iiii)ii 

'""•''         ^     "f      lln      |IM<II.M\     •«(     sllii      III    MIS 

i  ■  ■     !  I'c.ul.  ;;i villi:  ''n'  ''(st  rc-vlt;  V  :t!;  ..ruiic 

(jrl'iili.,'  ..  ,:  \\,Ti'  i-iitiKl  to  l.f  till  ■■!,,Hi!'  l.ulh:;  .-uid 
till-  ■  rf.ir  ■  i  •ilt.s.  The  Hiinpi-l  (.nl'.imti  w.n  ii-u  so 
crtiiii'rit  ..:■.. i  :,.i>\  tlii-  ciiSiiii\  .iiit.iKf  lli,it  a  :.irni'  atnotint 
vi  li.|ui<!  :-  'i.  1.1  lip  111  tiio  ^.l.isK  laaiis.  The  ^■|)^l'l),' 
tlci>hifv:;i..'..r.  .iltho'iijij  cxcfllciil  for  i<i\vor  IhiiIiii|{ 
li']iiiils,  •'.-.■l  i:ot  nivi-  .,<  j^ood  results  in  '!ie  .uithur's 
h.iii'ls  ..,  did  the  Pc;ir  indhs 

<  •■Ml"  \kI>'iN    OK     X     .1    ill  I  11    I  I  Ml!     Willi     \     I.'    in  I  n 

rf  \K  sini.  HiAD-  -The  tut..!  lcin;ih  u:  -lu'  iwo  ..il- 
tunii>  ti.  t!u-  -i.lc  ttit.f  was  pra.  ti>  ally  '.he  saim-.  In 
lioth  >  a-fs  icoc  .-.■.  of  the  cnidr  .arlio'iv'  a.  i.l  was  takon 
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.  and  distillt'd  thrniinh  tlic  rcspcri  i\e 
iidi'ii-iT  wa^  ii'Jcd  le  I'litv^  ititn  re  tIv- 
i"'i  fi  cal- iuin  ihliiridc  Mihr.  Any  tii'ds- 
'  diittlKd  olT  and  the  !  nipcraturc  carried 
l"li('  idu  tMi  tta,  recinert'il  fruiti  this, 
.iid  nt'irncl  to  'he  .li^tilling  llask  and 
•iim  th.n  prM.ecicd  with  The  rate  of 
V  li  rc^;til;itei!  I'arcfully  to  oni'  il.-np  per 
■f;i,ls  peti'lulnni  licin.;  pl.|._ed  hiliiiid  tl,p 
:c  tlask-  was  iirotecleil  by  a  .shield  of  as- 
bestos p.:pir  .iT:d  the  ..jlnnin  enclose]  in  one  thickness 
of  Kl^iiicd  ,  aper  to  prevent  draughts  ;ind  to  <linHnish 
soniewlui"  i'.e  ra^'iation  from  the  ■  filnnin.  Under 
these  .  '  ".ditiMii.s  extremely  .^te.idv  .o!idiiioti.>  were 
easily  :r,ai:;!a;ned.  A  small  Aiis.  hiitz  thernuinieter 
Kraduate.i  1:1  '.entlls  w.is  used  and  this  was  compare. 1 
with  a  s:ant!„rd  "N     !'.  L  "  thernionieter. 

Tlte  e)xy>;en  tlisor]i;:on  <il  ca.  i;  traction  was  meas- 
ured a.nd  '):':  fractions  then  submitted  to  a  se.-onil 
;ind  'o  ,.  ■  r  ;  .^ystetnatic  fractionatiiiii.  The  o-xy^en 
alisorptn:.  :  the  fr.artions  of  the  secon.i  an.l  of  the 
third  fr..  tiof.  itions  were  also  measure'!.  Table  IV 
conttiins  Tie  results  .^j  obtaineil.  Tile  Two  lirst  tem- 
perature '.nter'.als  in  tiic  tirst  fractionation  are  difTer- 
second  and  tlnrd  !ra' t  lonati.  tis, 
work    the   latter   -.nterwds   were 

fractionations  we  see  that  the 

the  frac-tions  1^   nr.uh  the  same 

or     the      "LeBer'     column     is 

'lie   advantage   "i    the   "Pear" 
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furtlu  r  1. 1  Im-  iirclrrri"!  uii  aifi'iin;  of  tin 
of  h.pti.l   r.-i'MHi'MK    ■"'•r  a  .li,ti!l.ili.,ii.      , 
<|ti.tii  wc.rL  thf  I'.-ar  !..rn'  was  usi-.I.      T!m- 
of   t!„     IV.ir  .till   lu-,.,1   «.,,s  al-...  c.-taUi.sh, 
aiiii   I)(lv^l1s.' 

It    uill  itirilior  l.f  s.'cn  hy  i.-.iir.i..irinK  '.i!.-       .„ , 

til.'   M,ir,!  !raa.,,nati,,ns.   vn,U\w.n-^  our  a;  ■  v•tl^"JnV.lo^v 
to  till-  values  for  tlu-  I'.-ar  lu- l!  ..nly,  'llat  tliv     .juality" 
of   tilt-   fraiiion.  .l.ifi   not    alii-r  vfry   ni  r.-n.iliv   afu-r 
UiL'  s,-,.,ri.!   fraciiunatinn.  hut   that  tin-     '  ■    '.r't'n.e 

i^  ill  til,-  \,.hiiiu-  .,t  iIk-  lirst  fra.'iou       |-'  ;.  „  as 

iiili-rr.'il  that    m.-rc  than  i,wo  fr  i.  •  n.na- ;..., .    .....uM  not 

I'rili;;    anv    .  oniUK-IiMiratc    a<l  VantaKf,    ati 
twu   lrarn,,natiun>   a    Uiaily   state   of  attai 
ri-a.iir.;     whiih     vvouM    l.c    easily    repn.-;- 
examination  i.f  tiiese  Iraetioiis  wa<  then  i  ■ 
tf)  aseeriaiii  the  amount  ot  phenyl  n 

The    o\y^'en    alisorpti.m    ot    t!ie    ti-.i-  :.-,• 

Kivcs    us    no   .|"-iii'itati ve    measure   of   the 

Jihen..]  whieh  they  .ontaiii  as  ue  have  •• 

as  to  the  rati"  in  whi.h  tlu-  rre.^N  e\i-.'   .- 

\:  \  I  I  lllSo     I  \l'l  l;l\ll  \  In 

In    nvUr    ■-•    (-.taMi,h    .letiiiitely    tlk     ;•> 

i.heno],    i.r>iio-.     ineta-    and     |i:,ra  ePeSo!   i::    ^. 

ti..iis.  use  was  m.ele  of  a  fact  previously  ohserve.l  hy 
the  .luthor  in  the  course  oi'  work  .m  tlie  phenols  in 
K-as  liquor'  l.u-  not  at  that  time  ailu.lej  ♦...  :..-;  ,  t|,;a  if 
the  Messin-er  an.]  \'.,rtman  ir.etho.I  {..:  the  estima- 
tion <,t  iihenol  he  apphe.l  f  s.,!utions  ,,i  ,;.  ,„.  ,-,nd 
/>-eresol.  respectively,  the  end  product  obtained  (tri- 
lodoph.-nol  etc..  ha.s  widely  dilTerent  colors  m  each 
case.  The  >olors  .<{  these  enii-product-^  are  Cvtrem'-ly 
characteristic  and   may   he  .lescrihed  as  fo'.low.-: 


■!':i'      With 

-  !-.id   lic-en 
The 

\Mth. 

.:  •■  :uusly 
iTtMunt    of 


r. '.  af;i-    of 
'  hese   frac- 


riiK.NKi. 

Hnght  Roie-fink 


Brown 


SKite-niut 


r-l-HKsol. 

Dirty  Yellow 


rr-lnniuary  eNpenments  sh.-wed  thut  i:  ,.  Known 
mi.xture  of  phenol  and  the  cresols  be  taken,  tiie  per- 
centage of  e;.ch  constittiei.i  could  be  .leterntined  with 
kood  ac.  uracs  by  first  measuring,'  the  o.w^jen  absorp- 
Uon  of  the  mixiure  and  then  making  tip  mixtures  with 
the  same  oxVKcn  absorption,  fortnin-  the  iodo-com- 
pounds,  ;ind  by  the  method  of  trial  an-i  failure  K'radually 
approaching  the  exact  shade  of  the  so-c:illed  tri-iodo- 

'  Loe.  cil. 
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compound  of  the  mixlure  to  ho  analvzc.l.  Tin-  ,.„,1. 
product  in  the  case  of  the  cresols  is  hy  no  nutans  ex- 
actly tile  tri-iodo  compounds.) 

The   ■  .do  compound    was   prci)arcd   in   eadi   .  asc  a^ 
follows:      200  cr.  of  water  and   s    5  cc.   .V   XaHH  were 
mixe<l;    ,   g.   of    the    tar  aeid   was  .lissolved   m    .00  ,■.■ 
of  water  and  23  cc.  of  this  solution  were  a<l. led  to  the 
dilute   sodium    hydroxide    solution.      'I-his    was    heated 
to    70°   C.   in   a   stoppered    flask   and    25   ee.   ut    o   o  ^    V 
iodine  solution   added  and    well   shaken.      Afvr  stand- 
ing for    5    mins.   the   flask    was   eooled    under    the   tap 
the  mixture  slightly  acidified  with  sulfuric  arid  and  the' 
excess  of  iodine  removed  with  a  slight  excess  nf  s,,d,„m 
thiosulfate  solution.       The  precipitated  iodo  compound 
was  allowed  to  settle,  washed  once  by  decantation  and 
placed  m  a  small  elear  glass  weighing  bottle  for  com- 
parison.    It  is  essential  that  the  compound  be  freshly 
prepared  as  it  becomes   lighter  in  color  after  standing 
one   or   two   hours.     The    method    is    clearlv    cumber- 
some but  it  was  used  only  to  establish  the  percentages 
present  in  the  fractions  once  and  for  nil.  i  c.  as  a  method 
of  standardization. 

Ir  this  way  the  percentages  of  phenol,  o-.  »:-.  and 
/--cresol  were  determined  in  the  fractions  through  the 
Pear  still  head  for  the  second  and  third  fractionations 
quoted  m  Table  IV,  (2)  and  (3). 

Tablb  V— Rbsults  op  Matchinq  Exfbrimbnts 


' — Second  Fractionation 
Pbrcbntags 


Vol.  Phe- 
No.  Cc.     nol 


143 
179 
75 
78 
65 
66 
61 


71,0 
56.0 
40.5 
30.0 
15.9 

6.9 

0 


o 

14.8 
20.8 
18.7 
22.2 
18.7 
18.6 
11.3 


-Cresol — . 
P 
14.2 
23.2 
40.8 
47.8 
65.4 
65.7 
72.8 


m 
0 
0 
0 
0 
0 

8.8 
15.9 


O 
Abs. 
1.117 
1.114 
1.096 
1  0S3 
1.076 
1  073 
1.068 


2 — Third  Fractionation 

Percbntage.s — . 


Vol. 

Cc. 

202 

100 
87 
56 
53 
85 
70 


Phe- 
nol 
73.5 
57.1 
40.5 
25.0 
15.4 
3  2 
0 


. Cresol- 

0  p 

12.0 
1.4 


14.5 
21.4 
25.5 
25.0 
21  1 
19.8 
11   .> 


35.0 
50  0 
63.5 
68  5 

7:-8 


m 
0 
0 
0 
0 
0 

9.0 
15.9 


The  mixtures  were  made  up  to  have  the  same  oxy- 
gen absorptions  as  the  respective  fractions  with  the 
exception  of  the  higher  fractions— where  it  was  found 
that  better  matches  could  be  obtained  by  makin^  mix- 
tures with  slightly  higher  oxygen  absorptions"  than 
the  fractions.  This  was  probably  due  to  the  small 
amounts  of  higher  boiling  bodies  in  the  highe-  frac- 
tions. (The  color  of  the  "iodo-compounds"  of  the 
higher  boiling  bodies  is  not  pronounced,  while  their 
oxygen  absorptions  are  progressively  less  than  the 
cresols.)  Table  V  gives  the  results  of  these  matching 
experiments.     The  last  column  of  the  secon.l  fractiona- 
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t.on  i;ives  tne  r  .n  oxygen  absorption  of  cverythinL- 
except  pheno;  m  the  fractions,  calculated  from  the 
oxy.tjen  ai.sorption  of  the  fraction,  the  oxvgen  ab- 
sorption 01  pure  phenol  an.l  the  found  percentage  of 
phenol  ,n  the  fraction.  Here  we  see  more  dofinitely 
that  the  percentage  of  phenol  in  the  thir.i  fraction-i- 
tion  has  not  .-han^.d  very  materiallv  from  that  in  the 
second  tra.-tioiiation. 

Kist-rrs  oiiiAiNhi)  wnii  (,iiri:R  maiikials 
The  precedin.i;  results  v.ere  obtained  with  a  lar^'e 
stock  sample  of  crude  carbolic  acid  re])re -.en-in-  tl'^e 
total  extract  from  a  very  large  amount  of  ta,-.  ''sim- 
ilar  experiments  v\ere  then  earned  out  ^vith  n-her  ma- 
terials as  rollo-vvs: 

A— r'or  comp.iriaoir      Matc-ri,,!  alria.ly  quoted 

B-  Sanipls  c.r  Refint.l  Cri-sylic  Aci.l 

C-  Sample  i,r  ••(,(!■,•■  Carlmlic  Atid 

I)-  An..,b.-r  ,impl.  of  Refine,)  Crcsylic  Acid  „f  ,l,„ercnt  on„n 

1.      A,„„h,.r  s.mple  ,.f  Cru.lc.  C.rb„l,c  Aci.l  of  dilTer.n,  ori«i.  to  that 

These  were  submitted  to  preliminary  puritication 
to  tree  them  fron.  II,S.  etc.,  and  were  then  fractionated 
twice  m  the  manner  described,  In  A  the  volume  of 
the  Iractions  was  measured;  in  all  subsequent  opera- 
tions the  fractions  were  weighed  to  the  nearest  deci- 
gram.     Result^   are  given  in   Table  VJ. 

In  Table  VII  is  given  the  mean  oxygen  absorption 
of  everything  except  the  phenol  in  the  fractions  cal- 
culated as  before  indicated  from  the  oxygen  absorption 
ot  the  traction,  the  oxygen  absorption  of  pure  phenol 
and  the  found  percentage  of  phenol  in  the  fraction 
from  these  data  we  see  that  the  mean  oxvgen  absorp- 
tion 01  the  .resols.  etc.,  in  tiie  fractions  is  verv  con- 
stant for  one  and  the  same  fraction  and  varies  very 
httle  wiUi  the  nature  of  the  material  distilled  Thus 
U  seems  evident  that  the  larger  variation  ot  the  oxy- 
gen absorption  of  the  fractions  themselves  is  caused 
principally    '  '     " 

present. 

MtXIIOD    OF    ANALYSIS    ADOPIKD 

Thus  the  method  adopted  for  the  analysis  of  any 
unknown  sample  of  crude  carbolic  acid  was  to  frac- 
tionate about  a  liter  of  the  sample  in  the  manner  out- 
lined and  then  determine  the  oxygen  absorptions  of 
the  fractions  of  the  second  fractionation.  The  per- 
centage of  phenol  in  each  fraction  was  then  calculated 
from  the  oxygen  absorption  of  pure  phenol  and  the 
oxygen  absorption  of  the  cresol,  etc.,  in  that  fraction 
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Table  VII     Mean  Oxygh.n  Absorption  op  the  Crbsous    Ftc 

f"  ,  ;V    "  ^      "  '•:  M.an 

; '•   '     120  1  118  (1  110)  1.114  1  117 

i 1    "14  l.llw  1111        111,  ,         ,  ' 

1 '096  low  1.102  I   OT7  OM  ^9 

1 108.1  1.081  1.077  1.088  H'  108^ 

'O'-*      1.0,8      1.0-0       1.06<*         1.062      1.070 

as  given  in  Table  VI 1.  In  Table  VIII  comparison  is 
made  d  ,l,e  pereentaK-es  of  phenol  found  in  the  ma- 
terials A    H,  C,  D  and  E 

I)    By  direct  matching  of  the  fractions. 
!J)    liy    calculation,  as    described,  from    the    mean 
oxygen  absorptions  of  the  cresols,  etc..  in   the  respec- 
tive   fraction. 

Tliese  results  are  not,  of  course,  lu.Icpcndent  as 
t.ie  results  in  the  second  case  also  depend  on  the  match- 
ing experiments,  but  the  result  indicates  how  far  the 
mean  oxy^jen  absorption  of  the  cresols,  etc.,  in  the 
tractions  may  be  regarded  as  fixed  points,  thus  avoid- 
ing the  necessity  for  the  tedious  matching  experiments 
m  each  case  dealt  with. 

Table  VIII — Pekcentagbs  Phenol 

B-::::::::::;:::;:::::::::  ^?;?  ^H 

n i*.0  43.9 

,V     ■■ 20.5  20.7 

^ 24.6  .H.5 

SOUKCrs  OF  KRROR  IN  THi:  PRKCEDING  WORK 

I— It  has  been  noted  that  in  the  case  of  the  higher 
boiling   tractions   better   matches   were  obtained   when 
mixtures  were  made  up  having  slightlv  higher  oxygen 
absorption  than  the  fractions  to  be   matched    and  it 
was  point,      out  that  this  was  probablv  due  to  increas- 
ing  amounts   of   higher   boiling   bodies   in    these   frac- 
tions.     It  would  undoubtedly  have  been  better  to  have 
taken    some    of    this   higher    boiling    material    as    well 
as  phenol  and  the  cresols  in  the  matching  experiments 
;— It   was  found  after  the  method  had  been  in  use 
tor  ,-ome  time  that  in  practically  all  experiments  with 
crudes  a  disturbing  factor  was  present  in  the  form  of 
small  amounts  of  pyridine. 

.;— It  was  further  observed  that  crude  carbolic  acid 
tenaciously  retains  small  amounts  of  dissolved  sodium 
phenate  when  water  is  also  present.  Thus  water  is 
much  more  soluble  in  crude-tar  acids  in  presence  of 
sodium  phenate,  and,  on  the  other  hand,  sodium 
phenate  is  considerably  soluble  in  tar  acids  in  presence 
ot  water.  This  sodium  phenate  remains  in  the  dis- 
tilling   tlask    when    the    mixture    is    distilled.     It    was 
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found  necessary  to  treat  the  crude  carbolic  acid  with 
successive  washes  of  dilute  sulfuric  acid,  followed  by 
washes  of  water  to  remove  pyridine  and  decompose 
the  dissolved  sodium  phenate.  The  tar  acids  in  the 
acid  and  water  washes  were  recovered  and  returned 
to  the  bulk. 

When  these  disturbing  factors  were  discovered, 
time  was  not  available  to  repeat  the  work  herein  re- 
corded, but  the  effects  were  partially  eliminated  by 
using  the  constants  already  determined  on  a  series 
of  synthetic  i-..ixtures  with  known  amounts  of  phenol 
and  varying  and  known  amounts  of  the  cresols  and 
higher  boiling  bodies.  In  that  way  a  correction  was 
found  to  be  applied  to  all  results  as  so  obtained. 

The  resulting  corrections  when  plotted  against  the 
percentage  of  phenol  found  gave  a  smooth  curve. 
Typical  points  from  this  c-i!r\-e  are  given  in  Table  IX. 

Table  IX 

Per  cent  Phsnol  T.^ken 10.00  25  00  50.00  75.00 

Found 9.62  23.98  47.50  70.54 

Correction  (per  cent) 0.38  1.02  2.50  4.46 

Duplicate  determinations  wlien  carried  out  with  the 
prc(  iutions  mentioned  on  the  same  sample  of  material 
ga\c  results  with  a  maximum  variation  of  not  more 
tlian  about  0.2  to  o.  ,^  per  cent  and  with  the  above  cor- 
rections applied  were  not  very  much  farther  than  that 
from  the  truth. 

OXYGEN    ABSORPriON    OF    IllK    rR.\CTI0.NS    OF    TAR    ACIDS 
FRO.J    VARIOUS    KINDS    OF    TAR 

The  method  was  also  used  to  estimate  the  phenol 
in  the  tar  acids  from  inclined  retorts,  vertical  retorts, 
blast  furnace  creosote  and  producer  gas  tar.  In 
Table  X  are  quoted  the  o.xygen  absorptions  of  the  frac- 

TaBLB    X — ^OXYGEN    ABSORmON    OF    FRACTIONS 

No.                                 Horizontal  Inclined  Vertical  Blast  Producer 

I 1.342  (1.288) 

2 1.293  1.293  U . 256) 

3 1.233  1.244  1.243  (1.19;J)  (1.187) 

4 1.188  1.202  1.201  1.175          1.195 

5 1.133  1.155  1.152  1.123          1.128 

6 1.098  1.102  1.105  1.095          1.101 

tions  of  the  second  fractionation  of  these  materials. 
The  first  column  contains  results  already  given  which 
were  largely  for  the  material  from  horizontal  retorts. 
With  the  exception  of  the  nrst  column  the  tar  acids 
received  the  preliminary  treatment  with  dilute  sul- 
furic acid,  and  were  further  carefully  freed  from  any 
neutral  oils  by  conversion  to  phenate  and  extraction 
with  benzene,  with  all  necessary  precautions  to  re- 
cover any  phenol  which  was  so  washed  out. 
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It  will  lie  socr.  •. iuit  llioie  oxyj;t'n  absoriitions  all 
i;o  in   much   iho  .^aine  r:iii;,'i> 

Thu  (ijjurcs  t;ivoii  ir.  ]>ari.'n theses  wiTC  for  ■.ory  small 
iractiniis  wiiiili  .  .•••.ul  not  Ix'  liaivUfl  tlircni^,'!)  the  ij 
i.'ulbs. 

k  1,  \t  A  H  K  S 

It  Will  111.'  no:,-.'  '.rom  t!;o  iii.itrhiui;  experiments  that 
".;ie  fraction  t'roiv.  loo  to  :o2^  always  contains  ilulinite 
and  easily  (letei."aMe  ;>ercentagcs  of  phenol,  but  that 
in  the  fraction  above  20:'  no  phenol  was  ever  de- 
"ccted.  Weiss  an<i  Howns  also  ilistilled  twice,  but 
'oHei'ted  only  two  trariions,  r/;.  "to  igo^''  and  "iqo 
•.0  202*^"  on  the  llrst  fraettonali'>n  while  on  th°  sec 
ond  they  eolleeteti  everylliinij  up  to  kj;".  It  seems 
certain  tliat  r.nder  "hese  i-ondilions  sotnc  phenol 
musf  have  hieeii  left  in  tile  distillini^  llask,  wliile  some 
of  the  hi>;her  boiling  boilies  must  liave  inevitably  ap- 
P'oared  in   tlie  distillate. 

Anotlier  poir^t  wliieii  is  of  interest  in  connection 
with  the  work  of  Weiss  and  Uowns  is  to  be  found  in 
the  amount  of  )/.■  resi)!  present  In  the  materials 
nvestigated  by  the  riuthor  the  amount  of  »«-cresol 
in  the  fraction.,  t;p  t')  :o:  was  invariably  far  less 
than  the  amount  ..if  o-cresol  or  of  />-eresol.  Thus 
Tables  I\'.  V  and  VII  the  following 
■:'•'•>'     •'■•■'  the  materials  desi;:n;iti'd 
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■  iil>  only  s°  hij,dier  thtin  />-creso!  it 
m  the  original  materitds  dealt  with 
tile  amount  of  />-<  re^ol  must  much  exceed  the  amount  of 
)>;  eresol.  Weis<  7xn<\  Downs  in  the  jireparation  of 
tiieir  graphs  mteie  up  synthetic  mixtures  in  which  the 
ratio  of  para  to  neta  was  fixed  at  about  i  :  i  and 
tliey  state  that  tiiat  is  the  on;)ri..\iniatc  rtitio  in  which 
tliey  exist  in  their  oil-. 

The  question  ;iriscs  whetiu':  their  method  would  gi%'e 
reliable  results  wlii'n  applied  to  th.e  tar  acids  dealt  with 
Ijy  the  author.  Ir.  the  present  method  such  varia- 
tion in  llu'  rati'..-  of  the  cresoLs  present  would  be  elim- 
inated, at  any  rate  to  a  considerable  extent,  although 
the  rtttio  of  ereso's  worked  with  in  the  preparations 
of  the  synthetic  mixtures  was  not  \'aried  is  far  as  to 
include  a  ratio,  f>:  :  p  =  t  ;  i,  so  that  definite  figures 
cannot  be  give:.. 
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It  would  be  interesting  tu  lollow  up  this  and  the 
otiier  points  raised  at  greater  length  but  the  author 
has  ni.t  now  access  to  the  necessary  cr;:'!e  materials. 

ClIKMICAI.    I'KPAKrMP.NT,    McGlLI.    tsnEllSIT-. 
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